Does thigh compression improve venous hemodynamics in chronic venous insufficiency?  by Partsch, Hugo et al.
Does thigh compression improve venous
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Vienna, Austria
Objective: The aim of this study was to investigate the hemodynamic effects of thigh compression in patients with deep
venous incompetence.
Patients and methods: This diagnostic test study was set in a municipal general hospital. Twelve patients with venous leg
ulcers (CEAP classification, C6 Es Ad Pr; four men and eight women), with a mean age of 56.5  16.8 years, with
popliteal venous reflux of more than 1 second detected with duplex scan, underwent investigation with the following
methods: 1, the pressure exerted under thigh-length compression stockings class II and short-stretch adhesive compres-
sion bandages was measured with an MST tester (Salzmann, Switzerland) and a CCS 1000 device (Juzo, Germany),
respectively; 2, the great saphenous vein and the femoral vein on the thigh were compressed with a pneumatic cuff (0, 20,
40, and 60 mm Hg) containing a window through which the diameters of these veins could be measured with duplex
ultrasonography; and 3, with the same thigh-cuff occlusion procedure, the venous filling index (VFI) for each experiment
was measured with air plethysmography. These values reflected the presence and extent of venous reflux in each
experiment depending on the degree of venous narrowing.
Results: The mean pressure of a class II compression stocking was about 15 mm Hg at the thigh level, and adhesive
bandages achieved a pressure of more than 40 mm Hg in the same location. A statistically significant reduction of the
diameters of the great saphenous vein and the femoral vein could be obtained only when the cuff pressure on the thigh
was equal to or higher than 40 mm Hg (P < .001). A reduction of the venous reflux (VFI) was achieved only with a thigh
pressure of 60 mm Hg (P < .001). No significant reduction was seen of VFI with a thigh pressure in the range of the class
II stockings. Previous investigations have shown that, in patients with deep venous incompetence, a pressure cuff on the
thigh with 60 to 80 mm Hg is able to reduce ambulatory venous hypertension.
Conclusion: Thigh compression as exerted with class II thigh-length compression stockings is not able to significantly
reduce venous diameter or venous reflux. However, with a pressure of 40 to 60 mm Hg on the thigh that can be achieved
with strongly applied short-stretch bandages, considerable hemodynamic improvement, including reduced venous reflux,
can be obtained in patients with severe stages of chronic venous insufficiency from deep vein incompetence. The practical
value of these preliminary findings should be investigated with further clinical trials. (J Vasc Surg 2002;36:948-52.)
The use of thigh compression devices is a well-estab-
lished clinical routine with the presence of above-knee
edema and after surgery or sclerotherapy. In patients with
varicose veins and chronic venous insufficiency with skin
changes on the lower leg, calf-length compression is usually
adequate. In general, the old dogma that varicose veins
should be covered with compression has been replaced by
the opinion that compression is needed in the lower leg to
increase the efficiency of the calf muscle pump and to
prevent skin changes from venous stasis. Lower leg com-
pression has been shown to reduce venous reflux,3,15,19 to
enhance expelled blood volume,5,12 and even to reduce
ambulatory venous hypertension if performed with inelastic
(short-stretch) bandages exerting a high pressure during
ambulation.13 The influence of thigh compression on the
hemodynamics of the lower extremity has been investigated
only in a few studies and seems to be poor.7,18
PATIENTS AND METHODS
Twelve patients with active venous leg ulcers (four men
and eight women), with a mean age of 56.5  16.8 years
and CEAP classifications C6, Es, Ad, and Pr,17 gave their
informed consent to take part in the study. Only patients
with a popliteal venous reflux time longer than 1 second
with duplex scan examination and triggered by decompres-
sion of the calf4 were included in the study. The following
investigations were performed.
First, measurement of the pressure exerted with thigh-
length class II compression stockings according to the
European regulations on medical compression hosiery2
(Sigvaris 503, Ganzoni, St Gallen, Switzerland) was done in
10 patients with the MST instrument MKII (medical stock-
ing tester; Salzmann, St Gallen, Switzerland).6 This device
measures pressure values on five sites along the leg simul-
taneously. The pressure of an adhesive short-stretch thigh
bandage (10 cm  5 m; Panelast Acryl, Lohmann, Neu-
wied, Germany) applied directly to the skin and with the
same considerable strength used after varicose vein surgery
or during treatment for deep vein thrombosis was mea-
sured with the CCS 1000 device from Juzo (Aichach,
Germany), which reveals data from one spot.14 These ban-
dages go up to the groin and are changed at weekly inter-
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vals. The average pressure fall per week is between 5 and 10
mm Hg.
Second, a 17 cm–wide pneumatic pressure cuff con-
taining a transparent 10 cm–wide acetate window was
placed around the middle of the thigh of the sitting patient.
The device was supplied by VNUS Medical Technologies,
Inc (Sunnyvale, Calif). Ultrasonic gel was applied below
and above the window, and the transverse diameters of the
great saphenous and superficial femoral veins were mea-
sured with a 7.5-MHz linear duplex probe (Diasonics VST,
Milpitas, Calif) at mid-thigh level. The measurements were
repeated with cuff pressures of 20, 40, and 60 mm Hg.
Third, the leg ulcers were covered with a nonadhesive
local dressing, and an air-filled plethysmographic trans-
ducer (APG-1000 CP Air-Plethysmograph; ACL Medical,
San Marcos, Calif) was placed around the lower leg.10 After
vertical elevation of the legs in the lying position to empty
the veins completely, the patient was asked to stand up and
the volume increase of the lower legs was recorded contin-
uously. The steepness of the filling curve measuring the
volume increase per minute represents the venous filling
index (VFI), which reflects the amount of venous reflux in
the leg. Normal values are lower than 2 mL/s. The mea-
surement of VFI was repeated with a 17 cm–wide pressure
cuff on the thigh with 20, 40, and 60 mm Hg.
Statistics. Mean values and standard deviations are
given. One-way analysis of variance and Dunnett test were
used for the comparison of values without compression
with those with different levels of compression.9 Two-sided
P values of less than .05 were considered to be statistically
significant.
RESULTS
Thigh pressure of class II compression stockings
and bandages. The mean pressure values under a class II
compression stocking on the middle of the thigh (point f)
measured 15.8  6.1 mm Hg in the horizontal position
and 17.3 6.9 in the standing position. Near the proximal
end of the stocking (point g), the corresponding values
were 11.5  6.3 mm Hg and 11.9  8.5 mm Hg, respec-
tively. Fig l,A, shows the pressure values along the leg in the
horizontal position, and Fig l, B, shows the pressure in the
standing position.
Adhesive thigh bandages that are routinely used after
varicose vein surgery and in patients both with superficial
phlebitis and deep vein thrombosis revealed pressure values
at the medial level of the thigh of 40.3 7.1 mm Hg in the
lying position and 43.3  8.5 mm Hg in the standing
position (Fig 2).
Diameter of great saphenous vein and femoral vein
with increasing thigh compression. With a steady in-
crease of the pressure in the cuff around the thigh, a
progressive narrowing of the saphenous (Fig 3, A) and the
femoral (Fig 3, B) veins underneath the cuff could be
measured. As can be seen in Fig 3, a significant reduction
(P  .001) of the diameters of both the superficial and the
Fig 1. Subbandage pressure of thigh-length stocking class II
(mm Hg) from ankle (point b) to thigh (point c, calf at maximum
girth; point d, below tibial tuberosity; point f, mid thigh; and point
g, proximal thigh) in 10 patients. Outlier with excessive pressure at
thigh level corresponds to patient with oversized thigh dimension.
A, Horizontal position. B, Standing position.
Fig 2. Pressure values on mid-thigh level in mm Hg (y-axis)
exerted by strongly applied adhesive bandage in lying and standing
positions.
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deep veins could be obtained only with a pressure equal to
or higher than 40 mm Hg.
Venous reflux (venous filling index) with increasing
thigh compression. As the pressure in the thigh cuff was
increased, a progressive reduction of venous reflux as mea-
sured with the VFI occurred. The average values of 7.18
2.6 mL/s without compression changed to 3.1  1.4
mL/s with a thigh cuff pressure of 60 mm Hg (P  .001;
Fig 4).
DISCUSSION
The routine use of thigh length compression stockings
in patients with chronic venous insufficiency has been a
subject for debate for many years, but little objective data
are available. Until this time, we have used calf-length
stockings in our patients for the following reasons.
First, the visible signs of chronic venous insufficiency
always develop on the lower leg rather than in the thigh.
Therefore, the beneficial effects of local compression on the
microcirculation of the skin1 need to be concentrated be-
low the knee.
Second, foot volumetry has shown that the volume of
expelled blood is not more intense with thigh-length stock-
ings than with calf-length stockings.13 These data would
suggest that the efficiency of the venous pump is not greater
with thigh compression compared with calf compression
alone.
Third, a practical disadvantage of thigh-length stock-
ings is the fact that they may cause discomfort in the
popliteal fossa area during sitting. Patient compliance to
wear thigh-length stockings therefore is rather poor.
Our principal objective in this study was to measure the
pressure of class II stockings on the thigh compared with
adhesive bandages and to discover how much these meth-
ods affect the diameters of the superficial and deep veins
and venous reflux. Different devices to measure the pres-
sure of a stocking or a bandage on the leg are available.6,16
The MST tester has the advantage of pressure values of
different sites being measured simultaneously. When we
applied adhesive thigh bandages with no bandage on the
lower leg, the CCS 1000 system with only one pressure
transducer was used. Simultaneous measurements with
both devices revealed a good correlation between the two
methods (r  0.92), with a maximal deviation between
single measurements of 30% in the low pressure ranges.14
In general, the in vivo measurements revealed lower
values than those that were reported by the stocking pro-
ducers on the basis of investigations with artificial leg
models.16 For a class II stocking, the European standard for
medical compression stockings recommends a pressure
range between 23 and 32 mm Hg at the ankle with a
pressure reduction of 20% to 50% in the thigh “at point f or
g.”2 These conditions have been confirmed in our in vivo
measurements (Fig 1).
Fig 3. Venous diameter (mm) in sitting position measured with
duplex scan at mid thigh (y-axis) without (0) and with (20, 40, 60
mm Hg) increasing pressure produced by pressure cuff (x-axis). A,
Great saphenous vein. B, Femoral vein. Significant narrowing
starts with 40 mm Hg and higher (***P  .001).
Fig 4. VFI (y-axis) decreases with increasing inflation of pressure
cuff on thigh (x-axis). No significant influence of 20 and 40 mm
Hg is seen; significant reduction of VFI with 60 mm Hg is seen
(***P  .001).
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The problem of measuring venous diameters with du-
plex ultrasonography in a limb segment that is compressed
with a cuff could be solved with a special cuff with a
transparent window. However, the measuring procedure
was not always easy to perform because the echogenicity of
the tissue changed depending on the extent of tissue com-
pression.
The VFI measured with air plethysmography is a mean-
ingful measurement of global venous reflux. In a previous
study, we showed that short-stretch compression of the
lower leg reduces venous volume and venous reflux more
than long-stretch (elastic) material.15 The beneficial effect
of a high pressure bandage applied to the lower leg could
not be further improved with additional bandaging of the
thigh. This may be explained by the fact that air plethys-
mography measures VFI over the lower leg segment where
the veins are maximally emptied by the bandage. To assess
the influence of thigh compression alone, the air-filled
plethysmographic transducers were applied to the lower
legs without underlying bandages and compression was
used only on the proximal thigh with a cuff. With higher
pressure, this 17 cm–wide cuff acts like a tourniquet, pre-
venting reflux not only in the superficial veins but also in the
incompetent femoral vein. This is obviously from a narrow-
ing of the deep vein as shown with duplex scan evaluation.
With duplex scans, Sarin, Scurr, and Coleridge Smith18
found that the cuff pressures necessary to achieve restora-
tion of valvular function were significantly lower than those
necessary to occlude the veins completely. These authors
concluded from their study that coaptation of valvular
leaflets to restore valvular competence may be the mecha-
nism of action of compression therapy in venous disease.18
In valves that are severely damaged as a result of deep
vein thrombosis where recanalization also has occurred, it
seems rather improbable that any amount of external pres-
sure could correct venous reflux by the process of causing
apposition of destroyed valve leaflets. On the other hand,
we have shown that the narrowing of incompetent veins
leads to an improvement of venous hemodynamics, even in
the complete absence of valves. In patients with congenital
absence of venous valves (avalvulia) the pressure in a dorsal
foot vein decreased during ambulation, when 80 mm Hg of
pressure was applied to the thigh cuff.11 To explain this
reduction of ambulatory venous hypertension, we believe
that, during walking, reflux is diminished by an occlusion of
the deep veins during muscle relaxation (muscle-diastole)
and during muscle contraction (systole), the flow of blood
out of the leg occurs because the muscle is strong enough
to overcome the proximal flow obstruction of the cuff. Fig
5 shows one example of a pressure measurement in a dorsal
foot vein in a patient with severe deep venous incompe-
tence walking on a treadmill. A pressure of 80 mm Hg in a
thigh cuff did not increase the resting pressure during
standing, which shows that in this position the venous
outflow is not impeded. During walking, however, near
normalization of the ambulatory venous hypertension, with
pressure peaks below the resting pressure, was achieved.
The high pressure amplitudes between muscle systole and
diastole can be explained by the presence of long incompe-
tent venous segments below the cuff that are not com-
pressed with a bandage. With pressure measurements in a
dorsal foot vein (phlebodynamometry), some authors
could not find any beneficial effect of compression on the
venous hemodynamics in patients with venous insufficien-
Fig 5. Pressure measurement in dorsal foot vein in patient with deep venous incompetence on treadmill. Curves
should be read from right to left side. Resting pressure is about 90 mm Hg and starts to oscillate as soon as patient starts
to walk. Minimal fall of 9 mm Hg during walking and high pressure peaks during muscle systole (ambulatory venous
hypertension) are seen. After application of thigh cuff inflated to 80 mm Hg (left half), no increase of resting pressure
is seen. Pressure fall of 44 mm Hg during walking is seen, with peaks being lower than resting pressure. (Normalization
of ambulatory venous hypertension with narowing of thigh veins is seen).
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cy.8 This agrees with our own studies performed with
compression stockings that show an improvement of ex-
pelled volume measured with foot volumetry but no im-
provement in ambulatory venous hypertension with simul-
taneous phlebodynamometry. However, inelastic bandages
applied to the lower leg with high pressure revealed a
statistically significant improvement of ambulatory venous
hypertension.13 In fact, Unna’s boot bandages applied with
high pressure and walking exercises are our basic therapy in
venous leg ulcers.
This study clearly shows that a high compression pres-
sure applied to the thigh also leads to a significant inhibi-
tion of venous reflux by narrowing the incompetent deep
veins. This phenomenon may be important in treating
chronic venous insufficiency from deep venous incompe-
tence. In severe cases of deep venous incompetence, com-
pression of the thigh with high pressure appears able to
improve the calf venous pump (Fig 5). This principle may
be of paramount clinical importance in these patients.
Carefully controlled future clinical trials concentrating on
the healing rate of venous ulcers and measuring peripheral
venous pressure adding firm compression bandages on the
thigh to the conventional bandages on the lower leg could
further advance our knowledge in this important area.
Class II thigh-length compression stockings exert a
pressure on the thigh of about 15 mm Hg. This pressure is
too low to produce hemodynamic effects in the large
superficial and deep veins. Therefore, calf-length stockings
that have been shown to improve the efficiency of the calf
muscle pump are sufficient for most patients.
REFERENCES
1. Abu-Own A, Shami SK, Chittenden SJ, Farrah J, Scurr JH, Smith PD.
Microangiopathy of the skin and the effect of leg compression in
patients with chronic venous insufficiency. J Vasc Surg 1994:19:1074-
83.
2. CEN. European prestandard: medical compression hosiery. Brussels:
2001.
3. Christopoulos DG, Nicolaides AN, Szendro G, Irvine AT, Bull ML,
Eastcott HH. Air-plethysmography and the effect of elastic compres-
sion on venous hemodynamics on the leg. J Vasc Surg 1987;5:148-
55.
4. Evers EJ, Wuppermann Th. Die Charakterisierung des postthrombot-
ischen Refluxes mittels farbkodierter Duplexsonographie. Vasa 1997;
26:190-3.
5. Gjo¨res JE, Thulesius O. Compression treatment in venous insufficiency
evaluated with foot volumetry. Vasa 1977;6:364-8.
6. Kuenzli D. Comparative measurements with Hatra, Hohenstein,
EMPA, MST. Swiss Med 1988;10:73-7.
7. Macklon NS, Greer IA. Technical note: compression stockings and
posture: a comparative study of their effects on the proximal deep veins
of the leg at rest. Br J Radiol 1995;68:515-8.
8. Mayberry JC, Moneta G, De Frang RD, Porter JM. The influence of
elastic stockings on deep venous hemodynamics. J Vasc Surg 1991;13:
91-100.
9. Motulsky H. Intuitive biostatistics. New York, Oxford: Oxford Univer-
sity Press; 1995.
10. Nicolaides AN, Sumner D. Investigation of patients with deep vein
thrombosis and chronic venous insufficiency. London, Los Angeles,
Nicosia: Med-Orion Publishing Company; 1991.
11. Partsch B, Mayer W, Partsch H. Improvement of ambulatory venous
hypertension by narrowing of the femoral vein in congenital absence of
venous valves. Phlebology 1992;7:101-4.
12. Partsch H. Do we need firm compression stockings exerting high
pressure? Vasa 1984;13:52-7.
13. Partsch H. Improvement of venous pumping function in chronic ve-
nous insufficiency by compression depending on pressure and material.
Vasa 1984;13:58-64.
14. Partsch H, Menzinger G, Blazek V. Static and dynamic measurement of
compression pressure. In: Blazek V, Schultz-Ehrenburg U, editors.
Frontiers in computer-aided visualization of vascular functions.
Fortschrittberichte VDI, Reihe 20: Rechnerunterstuetzte Verfahren,
Aachen; 1997.
15. Partsch H, Menzinger G, Mostbeck A. Inelastic leg compression is
more effective to reduce deep venous refluxes than elastic bandages.
Dermatol Surg 1999;25:695-700.
16. Partsch H, Rabe E, Stemmer R. Compression therapy of the extremi-
ties. Paris: Editions Phlebologiques Francaises; 1999.
17. Porter JM, Moneta GL, International Consensus Committee on
Chronic Venous Disease. Reporting standards in venous disease: an
update. J Vasc Surg 1995;21:635-45.
18. Sarin S, Scurr JH, Coleridge Smith PD. Mechanism of action of external
compression on venous function. Br J Surg 1992;79:499-502.
19. Spence RK, Cahall E. Inelastic versus elastic leg compression in chronic
venous insufficiency: a comparison of limb size and venous hemody-
namics. J Vasc Surg 1996;24:783-7.
Submitted Feb 12, 2002; accepted May 9, 2002.
JOURNAL OF VASCULAR SURGERY
November 2002952 Partsch et al
